Introduction
Since the seminal work of Lindzen [1981] , who calculated the effective force on the zonal flow in the mesosphere due to the breaking of gravity waves, there have been a number of extensions to his essentially monochromatic parameterization. The further extension of such parameterizations to include modeling the propagation of a spectrum of gravity waves has been attempted by Fritts and Lu [1993] , Hines [1997a] and Medvedev and Klaassen [1995] . The former two schemes have been compared by Lawrence [1997] who found good fidelity in a comparison with observations using the Hines scheme.
Nearly all the parameterization schemes in current use require careful tuning, and such tuning will be required for some time to come [Hamilton, 1996] .
Both the validation, and the tuning, of gravity wave schemes usually involves comparison with climatology, which is always difficult in the mesosphere where some climatologies are not well based [Lawrence and Randel, 1996] , and which is is exacerbated by the fact that many models require some sort of sponge layer at the top of the model which may lead to problems in implementing and understanding the effects of such parameterizations [Shepherd et al., 1996] . (In some cases the sponge layer is intended to mimic the effect of gravity waves; for example, in previous versions of the model used here, and in others, it is included for numerical reasons, primarily to minimize the effect of waves reflecting from the model lid.) Rayleigh friction in the mesosphere to mimic the effect of gravity wave breaking and for a formulation which includes the Hines gravity wave parameterization. In the remainder of the paper we summarize the model details, present some results, and conclude that the position of the model lid may have a significant impact on model climatology, even in the lower stratosphere some six scale heights or more below the lid.
Model Details
In the simulations discussed in this paper, we use a derivative of the United Kingdom Meteorological Office (UKMO) stratosphere and mesosphere model (SMM) [Butchart et al., 1982] Although these results were based on a comparison of simulations which used one gravity wave parameterization, the effects of changing the model lid height were very similar to the changes seen when simulations are performed with and without a gravity wave parameteriztion [e.g., Garcia and Boville, 1994] , which leads one to conclude that these effects would be seen with any physical gravity wave parameterization (as opposed to unphysical parameterizations like RF) and are dependent on the amount of parameterized gravity wave flux (as would be expected from downward control) rather than the details of the implementation.
With a physical gravity wave parameterization, we expect there to be some height at which there is no longer any significant momentum carried by the gravity waves. The results presented in this paper suggest that model lids should not be below this height, as one needs to consider not only the direct effect of the gravity waves on the residual mean circulation, but alos the indirect effect of these waves which induce changes in resolved planetary waves. The actual height of importance is a moot point: the work carried out here used a parameter (s = 1) which probably overestimated the long-wave part of the spectrum and hence overestimated the height to which significant amounts of gravity wave flux are carried.
